Meiotic behavior of a complex hexavalent in heterozygous mice for Robertsonian translocations: insights for synapsis dynamics.
Natural populations of the house mouse Mus musculus domesticus show great diversity in chromosomal number due to the presence of chromosomal rearrangements, mainly Robertsonian translocations. Breeding between two populations with different chromosomal configurations generates subfertile or sterile hybrid individuals due to impaired meiotic development. In this study, we have analyzed prophase-I spermatocytes of hybrids formed by crossing mice from Vulcano and Lipari island populations. Both populations have a 2n = 26 karyotype but different combinations of Robertsonian translocations. We studied the progress of synapsis, recombination, and meiotic silencing of unsynapsed chromosomes during prophase-I through the immunolocalization of the proteins SYCP3, SYCP1, γH2AX, RAD51, and MLH1. In these hybrids, a hexavalent is formed that, depending on the degree of synapsis between chromosomes, can adopt an open chain, a ring, or a closed configuration. The frequency of these configurations varies throughout meiosis, with the maximum degree of synapsis occurring at mid pachytene. In addition, we observed the appearance of heterologous synapsis between telocentric and metacentric chromosomes; however, this synapsis seems to be transient and unstable and unsynapsed regions are frequently observed in mid-late pachytene. Interestingly, we found that chiasmata are frequently located at the boundaries of unsynapsed chromosomal regions in the hexavalent during late pachytene. These results provide new clues about synapsis dynamics during meiosis. We propose that mechanical forces generated along chromosomes may induce premature desynapsis, which, in turn, might be counteracted by the location of chiasmata. Despite these and additional meiotic features, such as the accumulation of γH2AX on unsynapsed chromosome regions, we observed a large number of cells that progressed to late stages of prophase-I, indicating that synapsis defects may not trigger a meiotic crisis in these hybrids.